ABSTRACT: A simplified method for the determination of a-tocopherol concentration in beef muscle was developed and evaluated. The method consists of a saponification step applied to 1-g samples of intact, fresh muscle, followed by a single isooctane extraction of the saponified samples. a-Tocopherol in the extract was separated by normal phase chromatography and quantified by fluorescence detection. A single extraction with the simplified method accounted for 95% of the total muscle a-tocopherol concentration obtained by two extractions with the Arnold et al. (J. Food Sci. 58:28, 1993) method. Recovery of added a-tocopherol standard after two extractions of a saponified muscle sample was 91% for the simplified method, which was not different ( a = .78) from recovery using the Arnold method, and the efficiency of the single extraction in the simplified method was 89%. The coefficients of variation for the simplified and Arnold methods were both 3.1%. This method should permit the duplicate analysis of 100 fresh muscle samples within 24 h.
Introduction
Long-term dietary supplementation of feedlot cattle with vitamin E improves the oxidative stability of fresh, frozen, and cooked beef under simulated retail conditions Sherbeck et al., 1995) , presumably due to accumulation of a-tocopherol in subcellular membranes . Benefits to cattle performance of such supplementation have been more evident early in the confinement feeding period (Hill and Williams, 1993) and less evident over the total finishing period (Arnold et al., 1993; Hill and Williams, 1993) . Implementation of this technology in the U.S. beef industry requires compensation of cattle feeders for their additional vitamin E expense. Verification that cattle have been fed a sufficient amount of vitamin E would be facilitated by development of a rapid procedure for muscle a-tocopherol determination in packing plants.
Our goals for such a procedure were to sample an accessible, inexpensive skeletal muscle on the day of slaughter. It was desired that a-tocopherol concentrations be available before carcass fabrication (which may begin by 24 h after slaughter) and that carcass sampling capacity be maximized. On the basis of knowing the a-tocopherol concentration for the sampled muscle, the a-tocopherol concentrations in other valuable muscles could be predicted based on the uniform responsiveness of skeletal muscles observed thus far following vitamin E supplementation (Arnold et al., 1993) .
The objective was to develop a method for direct determination of muscle a-tocopherol concentration in accordance with the goals stated above. Following initial experimentation, it became apparent that a simplification of the Arnold et al. (1993) procedure would be the optimum solution. Rectus capitis dorsalis major ( RCDM) muscle was chosen as the carcass sampling site. The quantitative relationship involving a-tocopherol concentrations between RCDM and other valuable skeletal muscles will be reported in a subsequent publication.
Materials and Methods
Reagents. Ethanol ( ETOH) , tetrahydrofuran ( THF) , methanol, and isooctane were HPLC grade and purchased from Fisher Scientific (Pittsburgh, Step Arnold et al. (1993) Step Simplified Muscle Samples. Muscle samples from 51 Holstein steers were collected at a commercial packing plant (Packerland Packing, Green Bay, WI). After steer decapitation, the RCDM was exposed as lying on both sides of the first cervical vertebra (Getty, 1975) . A small piece (200 g ) of the RCDM muscle was collected, vacuum-packaged, and transported on ice to the authors' laboratory.
Saponification and Extraction.
Immediately after the muscle samples arrived, a 1-g sample was weighed into a 20-× 150-mm test tube in duplicate for each muscle sample. Each tube received ascorbic acid (.25 g ) and 7.3 mL of saponification solution and was briefly vortexed until the ascorbic acid dissolved. Ascorbic acid addition before saponification was necessary to prevent a-tocopherol destruction by an alkaline solution (Bourgeois, 1992) . Tubes were then placed into a test tube rack and incubated in an 80°C shaking water bath for 15 min at 200 rpm. After the incubation, test tubes were cooled in ice and 4 mL of isooctane was delivered to each tube with a 5-mL Repipet dispenser. Each tube was then tightly capped with a Teflon-lined cap and vortexed for 2 min with a multi-tube vortexer (model VB4, Glas-Col, Terre Haute, IN). Tubes were allowed to stand briefly to allow separation of aqueous and isooctane phases. The concentrations and volumes of the saponification solution and isooctane were designed to provide the final proportions of 4 mL H 2 O:4 mL ETOH:4 mL isooctane; the muscle sample was assumed to contribute .7 mL of H 2 O. These are nearly the same proportions used by Arnold et al. (1993, Extraction Efficiency. Numerous trials were conducted to determine efficiency of the first extraction. Extraction efficiency was determined by randomly selecting, weighing, and saponifying muscle ( n = 22) in four replications or by adding 3 mg of a-tocopherol standard ( n = 11) into four replicate tubes and saponifying the standard in the absence of meat samples. Saponification of muscle samples or standards was done with the simplified procedure described above or the method of Arnold et al. (1993) , which has been routinely used in our laboratory (Table 1) . After saponification, two extractions were done. In the first extraction, 4 mL of isooctane was added and vortexed as described above. For each tube, a portion of the first extract was transferred to an autosampler vial (Fisher Scientific) and 30 mL was injected into the HPLC for a-tocopherol determination. Three milliliters of isooctane from the first extract was also removed and transferred into a test tube. Residual isooctane was discarded. For the second extraction, another 4 mL of isooctane was added into the tube, tubes were vortexed for 1 min, and 3.0 mL of isooctane was removed from the tube and combined with the 3.0 mL of isooctane from the first extraction. With a stream of nitrogen gas, the combination of 6.0 mL isooctane from both extractions was evaporated to dryness in a 65°C water bath. The concentration of total a-tocopherol from the two extractions was then determined by redissolving the dried residue in 1 mL of isooctane and injecting an aliquot of each redissolved sample into the HPLC. Calculation of first extraction efficiency was as follows:
Extraction efficiency, % = × 100 mg/mL in first extract × 4 mL mg/mL in first plus second extracts × 1 mL × ( 8 mL/6 mL) [1] α-Tocopherol Recovery. Recovery was determined by adding 1 mL of a known amount ( 3 mg/mL) of atocopherol into test tubes, with or without meat samples, and digesting the contents of those test tubes with the simplified procedure described above or the Arnold et al. (1993) procedure. Each determination included four replicate tubes with muscle sample alone, four replicate tubes with 3 mg a-tocopherol standard alone, and four replicate tubes with muscle sample and a-tocopherol standard. For the tubes with added a-tocopherol, 1 mL of the 3 mg/mL standard was added to each of four tubes and evaporated to dryness under a stream of nitrogen gas before making any other additions. If required, muscle samples were then added into those tubes containing added a-tocopherol.
All of the tubes were processed with the saponification, extraction, evaporation, and dilution steps described above for extraction efficiency. Two extractions were conducted and the extracts were combined. An aliquot of the redissolved extracts from each tube plus six replicate aliquots of the external standard were injected into the HPLC for a-tocopherol quantification. a-Tocopherol recovery was calculated with the following equations: Statistical Analysis. For a-tocopherol recovery and first extraction efficiency, analysis of variance was done by using the GLM procedure (SAS, 1990) . Mean comparisons were conducted with the F-protected ( P < .05) least squares mean procedure. Regression analyses were determined by the GLM procedure.
Results
There was no difference ( a = .78) between the simplified and Arnold et al. (1993) procedures for atocopherol recovery regardless of whether a muscle sample was absent or present for the saponification step (Table 2) . First-extraction efficiencies were lower ( P < .01) for both procedures for a-tocopherol standard alone vs muscle samples (Table 2) . Presumably the presence of muscle enhances the partitioning of a-tocopherol into isooctane. Repeatability of the determination was not different ( a = .5) between procedures for saponifications conducted with or without a muscle sample or following a single or double extraction (data not shown). For saponification conducted in the presence of muscle, the CV for the simplified procedure following a single extraction and for the Arnold et al. (1993) procedure following its typical two extractions were both 3.1%. The KOH concentration in the saponification solution was optimized at 11% based on complete muscle digestion within a 15-min incubation, minimum KOH and maximum a-tocopherol recovery (data not shown). Figure 1 shows the regression relationship of muscle a-tocopherol concentrations determined by the two procedures. The relationship is linear ( r 2 = .95) et al. (1993) methods a Numbers of observation were 22 and 11 for "with muscle" and "without muscle," respectively. Standard errors are shown. b Calculated as quotient ( × 100) of incremental a-tocopherol concentration resulting from addition of 3 mg of a-tocopherol and two isooctane extractions divided by the amount of added tocopherol; see Eq.
[2] and [3] in text.
c Calculated as quotient ( × 100) of the a-tocopherol concentration resulting from a single isooctane extraction divided by the a-tocopherol concentration resulting from the pooling of two isooctane extracts; see Eq.
[1] in text.
d,e Means with different superscripts differ ( P < .05). 
Discussion
Initial efforts to accomplish our goals involved methods to indirectly estimate muscle a-tocopherol concentration based on ability of the muscle sample to resist lipid oxidation accelerated by the addition of ferric ions. The thiobarbituric acid-reactive substances ( TBARS) value was an imprecise indicator of muscle a-tocopherol concentration in this circumstance. The a-tocopherol concentration in RCDM accounted for 76% of the variation in TBARS values for 72 university-fed steers, but only 32% of the variation in 208 industry-fed steers (Liu, Scheller, and Schaefer, unpublished results) .
Subsequent work focused on simplified procedures for the direct determination of muscle a-tocopherol concentration. a-Tocopherol determinations are now commonly accomplished via HPLC with fluorescence detection because this approach is sensitive and specific (Lang et al., 1992) . Normal phase chromatography is preferred over reverse phase in this application because the analyte of interest, a-tocopherol, is eluted before g-tocopherol (Lang et al., 1992) , which is found in some skeletal muscle samples (Liu and Schaefer, unpublished results) by the method of Arnold et al. (1993) . Bourgeois (1992) has addressed the comparison of normal and reverse phase approaches and favors normal phase where a chromatograph is dedicated to long-term conduct of the same analytical method.
Emphasis was placed on simplification of sample preparation, saponification, and extraction steps. Muscle subsamples have been obtained previously from frozen, pulverized (Arnold et al., 1993; Liu et al., 1994) or fresh, homogenized (Pfalzgraf et al., 1995) samples. The lack of difference in CV between the Arnold et al. (1993) and simplified procedures and the similarity of these CV with that of Pfalzgraf et al. (1995) for muscle (4.2%) suggest that muscle disruption prior to subsampling is not necessary to achieve low CV. Saponification is necessary to release atocopherol from its membranal location. The simplified procedure uses a heated, strong basic solution to accomplish muscle dissolution. Pfalzgraf et al. (1995) succeeded in avoiding sample transfer and in using a single extraction step to achieve 103% recovery of atocopherol added to pork muscle. Their analysis was done on an aliquot obtained directly from the organic phase extract without prior evaporation of the extract and redissolution. The same strategy was followed here, but a-tocopherol recovery was lower. When the steps of evaporation and redissolution are circumvented by the simplified method, g-tocopherol is not detectable and thus does not necessitate delay of subsequent HPLC injections.
Emphasis was also placed on analytical capacity. The simplified method involves fewer procedural steps than the Arnold et al. (1993) method (Table 1 ), equipment that is amenable to bulk handling of samples (e.g., tube racks for saponifying incubation and 19-tube vortexer), and a shorter HPLC run time than that reported by Arnold et al. (1993) and Pfalzgraf et al.(1995) . In fact, the capacity-limiting step in the simplified procedure is the interval between HPLC injections. Further minimization of the 7-min interval reported here should be possible with a faster mobile phase flow rate, although a faster flow rate necessitates a larger injection volume.
The simplified procedure is estimated to allow analysis of 100 muscle samples in duplicate daily by one full-time technician. The Arnold et al. (1993) method allowed analysis of 40 muscle samples in duplicate daily and required 2.5 full-time technicians.
Implications
A simplified a-tocopherol method has been developed for application to intact, fresh beef muscle. It has more than double the analytical capacity of the Arnold et al. (1993) method without compromising precision of determination. Utilization of this technology in packing plants could accelerate implementation of vitamin E technology in the U.S. beef industry.
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